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Abstract
The effect of ACTH1-24 on lipolysis and cyclic AMP accumulation in rat
adipocytes and adipocyte ghosts were studied. It was found that adeny.late
cyclase activation in fat cell ghosts required about 100 fold higher hormonal
concentration than that for the lipolytic response.
was obtained in
Using the iodogen procedure, purified 1251-ACTH 1-24
high specific activities (642 pC/pg). Binding of 125I-ACTH 1-24 to ghosts
appear to saturate around 1x10-8M, suggesting that the loss of sensitivity to
hormonal stimulation in ghost might not be due to a loss or change of receptor
number during the isolation of ghosts from adipocytes. The number of specific
binding sites of ACTH was estimated to be 28000 per adipocyte from the binding
studies.
[2,4-Dinitro-5-azidophenyl sulfenyl]-Trp9-ACTH 1-39 (DNAPS-ACTH), a photo-
labile analogue of ACTH, was found to be an antagonist to lipolysis but a weak
agonist in cAMP production in rat adipocytes and adipocyte ghosts stimulated
by ACTH1-24. Covalent linkage of the analogue to its receptors on adipocyte
resulted in a decrease in maximal hormonal response, indicating that the
receptor number for lipolysis is limited in number. Similar observation was
obtained in ghost hormonal adenylate cyclase activation. These results
suggest that there may be two types of ACTH receptors present within the
adipocyte membranes and militrate against the 'spare receptor' hypothesis.
SDS PAGE pattern of adipocyte membranes after photolysis with
DNAPS-1251-ACTH revealed a radioactivit Habeled protein with molecular
weight between 140000 and 200000. The labeling was inhibited by the presence
of excessive unlabeled ACTH in the photolysis reaction mixture It is
suspected that the labeled protein is the putative ACTH receptors of adipocytes.
We accept this thesis as Conforming to the required
standard for the degree of
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From the early attempts to investigate hormone action, for example,
the castration experiment performed by A.A. Berthold in 1849 and the
classical experiment of Bayliss and Starling to demonstrate the existence
of hormone secretion in 1902, studies on the mechanism of hormone action
has been the prime interest of endocrinologists in the past century. Later
experiments using tissue extracts of various glands to heal various diseases,
typically Murray's administration of sheep thyroid goand extract as a means
to relieve the symptoms of hypothyroidism, the biological effects of various
hormones were demonstrated. These studies laid the basis for the elucidation
of the mechanism of hormone action at the cellular or molecular level which
was to follow.
The development of chromatographic techniques in the fifty's by Martin
and Synge led to the chemical approach towards the studies of endocrinology.
The approach involves the isolation of a particular chemical compound from
its-natural source. After the compound thus isolated has been determined
to be a pure substance, analysis on its biological activity, chemical
structure determination and subsequent synthesis can be carried out. The
availability of synthetic hormones and relevant analogues, the widespread
use of radioisotope has undoubtedly introduced a new era in hormonal research.
The proposal that cyclic 3'-5'- adenosine monophosphate (cAMP) being
the second messenger of hormonal action (Sutherland and Rail, 1957) was a
breakthrough towards the understanding of the action of polypeptide hormones
on a molecular basis. The discovery of specific cyclic nucleotide phospho-
2diesterase (PDE) for degradating the cAMP followed shortly (Sutherland and
Kall, 1958). In the following two decades, there was a large burst of
research concerning the events that occur before and after the formation of
cAMP. These include the interaction between the hormone and its putative
if receptor within the target cell surface, metabolic pathways mediated by
cAMP within the cell.
Despite the large number of works done in the past, the details concerning
the mechanism of how the polypeptide hormone triggers the target cell at
the cell surface remains to be elucidated. The main difficulties lies in
the fact that there is an extremely small population of receptors in target
tissues. Though some successes have been gained in acidic peptide hormones,
for example, human chorionic gonadotropin (Dufau et al., 1975), prolactin
(Shin. and Friesen, 1974), little progress has been made for basic polypeptide
hormones with isoelectric points above 8. The identification of hormone
receptor of these hormones by conventional methods, which involves the
determination of specific binding towards various fractions of plasma membrane
components after fractionation, was not feasible, as many of the basic peptides
exhibit specific bindings even on inert non-receptor materials and such
binding sites may greatly exceed that of specific receptors (Cuatrecasas,
1975 Cuatrecasas et al., 1975). New analytical techniques have to be
developed if these receptors are to be isolated and chemically characterized.
Photoaffinity labeling provides a powerful technique in this regard.
This method involves the incorporation of a chemically inert but photo-
chemically labile group into the hormone or other ligand. After the hormone
is bound to its putative receptor molecule, the system is irradiated and the
3photolabile group is converted to species with very high chemical reactivity
to form convalent linkage between the hormone analogue and the receptor
molecule within the biological system.
In this investigation, photoaffinity labeling was being used as a tool
to characterize the adrenocorticotropic hormone (ACTH) receptors within the
epididymal fat cell plasma membrane of the rat. Using an improved method of
iodination procedure, radioactive 1251 had successfully been incorporated
into the ACTH molecule and its photolabile analogue with high specific
activities. The iodinated ACTH was used as a probe to study the binding of
ACTH to its adipocyte receptors. From these studies, it may be possible to
gain some insight into the nature of ACTH hormonal interaction with its
receptor.
The Structure and Properties of ACTH
The history of ACTH started in 1926 when Smith observed a secretion
from the anterior pituitary exhibiting a selective influence on the size and
functioning of adrenal cortex. Purified ACTH was not isolated until 1953
from pig (White, 1953 Bell, 1954), sheep (Li et al., 1954) and bovine
(Li et al., 1956) pituitary. glands. Extensive review on the isolation
and purification of ACTH has been published (Li, 1956). The isolation and
purification procedure has been revised more recently (Canova-Davis and
Ramachandran, 1976).
The amino acid sequence of ACTH from various species was elucidated
shortly after the isolation of the peptide. These included the primary
4sequence from porcine (Howard et al., 1955), ovine (Li et al., 1955), bovine
(Li et al., 1958) and human ACTH (Lee et al., 1961). These primary structures
of ACTH have been revised later (Riniker, 1971 Riniker et al., 1972,
Li, 1972). The primary sequence from dogfish Squalus acanthias was also
determined (Lowry et al., 1974). The amino acid sequences of ACTH from
various species are presented in Fig. 1.
In all four mammalian species, the hormone is a straight chain polypeptide
composed of 39 amino acid residues, with the amino acid sequence 1-24, 34-39
conserved from species to species minor species variation are confined to
the amino acids that occupy positions 25 through 39. Considerable variations
exist for ACTH from the non-mammalian (Dogfish) species investigated, but the
replacements are all conservative of the general biological and physico-
chemical properties of the amino acid residues.
Shortly after the elucidation of the sequence, synthesis of a biologically
active ACTH1-19 was accomplished (Li et al., 1960), followed by the total
synthesis of porcine ACTH (Schwyzer et al., 1963). Discussions of solution
synthesis of various analogues of the peptide hormone has been reviewed
extensively (Ramachandran and Li, 1967). When Merrifield (1965) introduced
solid phase peptide synthesis, ACTH and its analogues were even more readily
synthesized by this technique (Blake et al., 1972 Blake and Li, 1972
Yamashiro and Li, 1973).
Deuterium-hydrogen exchange measurement of the peptide indicated that
the secondary structure of ACTH, if it existed, was not very stable in

























6dichroism measurements (Edelhoch and Lippoldt, 1969) also suggested that ACTH
existed as a flexible molecule in aqueous solution. Further studies of ACTH
conformation in solution by intramolecular resonance energy transfer experiment
showed the existence of random coil from residue 9 to 21 (Schiller, 1972
Schwyzer et al., 1971). On the other hand, optical rotatory dispersion studies
(Squire and Bewley, 1965) showed that a small amount of helical structure
resided in the first eleven residues from the NH2-terminus at pH 8.1, but the
peptide existed as a random coil in acidic media. This was consistent with
the fact that the molecule has a more compact configuration at pH near the
pI (8.4 to 8.5) of the peptide, as pointed out by Leonis and Li (1959).
Moreover, in the presence of trifluroethanol, circular dichroism measurements
indicated that ACTH could form helical structures at 3-9, 27-35 regions,
whereas residues 23-26 had strong tendency to form a-turn (Low et al., 1975).
It was suggested that (Low et al., 1975 Schwyzer, 1977), upon contact with
the target cell surface and receptor molecules, the ACTH molecules could be
changed from a flexible random coil to an ordered binding conformation to
achieve an energy-favourable hormone-receptor contact. At present,
cryst-allized ACTH has not yet been reported, a crystal structure analysis of
the peptide is still lacking.
The peptide hormone has an extinction of E0.1% 280 nm= 1.72, contributed
from three chromophores, namely, the tryptophan residue in position 9(Trp9),
two tyrosine residures at position 2 and 23 (Tyr', Tyr23). ACTH is highly
basic, with a pI around 8.4 to 8.5, from electrometric titration studies
(Leonis and Li, 1959) from ovine and bovine corticotropins.
It is now well established that the major biological functions of ACTH
are the acute stimulation of steroid production as well as the long term
regulation of growth and maintenance of the adrenal cortex. Recent investi-
gations (Rao et al., 1978 Ramachandran et al., 1977 Ramachandran and Suyarna,
1975) indicated that the trophic action of ACTH was concerned solely with the
induction and maintenance of the steroidogenic capacity and not involved in the
proliferation of adrenocortical cells. Besides the adrenal gland, ACTH was
demonstrated to stimulate the release of non-esterified fatty acid from
adipose tissue (White and Engel, 1958), as would be discussed later. On the
other hand, the hormone can stimulate the melanocyte to cause pigmentation on
the frog skin (Li et al., 1960). Ramachandran (1973) suggested that this
activity was due to the structural similarity between ACTH and melanotropins.
Recent evidence also suggested that ACTH played a role in memory and neuro-
transmission (Wied, 1977 Van Loon et al., 1977).
ACTH is perhaps the most extensively investigated anterior pituitary
hormone, in terms of the structure-function relationships. Extensive reviews
on the role of particular amino acid residue within the peptide have been
published (Ramachandran and Li, 1967 Ramachandran, 1973 Schwyzer, 1977).
In the following, only the aspects related to this investigation will. be
discussed.
Early synthetic experiments showed that the first twenty-four residues
of ACTH, which are common to all species, possess full. in vitro biological
activity as that of the native hormone on a weight basis (Kappler and
Schwyzer, 1961). Later reviews from Seelig et al., (1975) even indicated
that ACTH1-24- tetracosipeptide was more potent (1.4 fold) than ACTH1-39
nonatriacontapeptide. However, the in vivo activities of the tetracosipeptide
8was only about 50 percent that of the intact hormone (Pekkarinen, 1969 Szporny
at al., 1969 Seelig at al., 1975 Kappeler and Schwyzer, 1961). Protection
of the ACTH1-24 against exopeptidase through replacements of L- by D-ser at
the NH2-terminus and amide formation of the -000H terminus increase the in vivo
activities of the analogue to about 3 times that of the native hormone
(Boissonnas et al., 1966). Presumably, the reduced activity of the ACTH 1-24
tetracosipeptide was not due to a reduced stimulatory power at the receptor
site, but to degradative losses during the in vivo experiments. As proposed
by Ramachandran (1973), the acidic residues from ACTH25-39 may serve to bind
the hormone to the plasma carrier proteins, or, this segment may cause the
molecule to exist in a conformation not readily susceptible to proteolytic
attack suring transport from the pituitary to the target organ.
The amino half of the ACTH molecule (ACTH 1-24) possesses all the basic
amino acid residues. As proposed by Ramachandran (1973), the 'basic core'
which comprises residue 15 to 18 is very important for the binding of the
hormone to the target cell rather than triggering biological response
(Ramachandran and Li, 1967). Residues 25-39 are not required for either
binding or biological activity (Ontjes et al., 1977). The first five residues
at the amino terminal are not essential for ACTH to elicit its adrenal response.
It was suggested (Ramachandran, 1973) that the pentapeptide segment might
serve to augment the attachment of ACTH to its receptor initiated by the
basic core, since substitutions in this region resulted in a depressed
activity attributable to the decrease in affinity of the hormone to its target
cell. Binding of residues 6-13 appear to be responsible for triggering
biological response of the hormone, since drastic loss of activity would
result in substituting any one of the residues within this region.
9As described by Ramachandran (1973), the events which led to the
triggering of biological response of ACTH at the cell. surface receptor was
initiated by the binding of the 'basic core' to the receptor site, followed
by the attachment of the amino terminal residues 1-5 to facilitate the inter-
action between the hormone and its receptor. Residues 6-1.3 were then in
proper position to align with the receptor to induce steroidogenesis.
By means of a specific reagent for the modification of the indole moiety
of tryptophan residue, o-nitro-phenyl sulfenyl chloride (NPS-Cl) (Scoffone
et al., 1968), the o-nitro-phenyl sulfenyl (NPS) derivative of ACTH (NPS-Trp9-
1-39
a ACTH) was prepared (Ramachandran and Lee, 1970a). Subsequent investi-
gations showed that NPS-ACTH inhibited lipolysis and cAMP production of ACTH
in the rat fat cell systems (Ramachandran and Lee, 1970). The integrity of
the Trp9 residue of ACTH was shown to be essential for the stimulation of rat
fat cell and adrenal cell receptors. Modifications of Trp9 affected the
activity rather than the affinity of the hormone to the fat cell receptor.
Ramachandran (1973) further concluded that the structural requirements for
the r-eceptor site on the rat adipocyte were similar to that for the rat
adrenal cell.
Hormonal Activation of the Rat Fat Cell System
The shape of the isolated adipose cell is spherical. For adipose tissue
from rats of 180 to 200g, the diameter of the adipocytes varies between 20
and 100 microns with a mean diameter of 50 microns the dry weight of each
cell is about 130ng. The cell surface mean area is about 8000 2 per cell
(Lang et as., 1974). The cell size increases linearly until the rats reaches
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about 600x, but the number of cells within the rat epid:idymal fat pads ceases
to increase when the animal approaches a weight of 300 to 350g (Hartman et al.,
1971).
Under phase contrast microscope, the adipocyte appeared as a typical
signet ring structure. The cell contains a plasma membrane enclosing a large
lipid droplet and a flat nucleus which is pushed to the peripheral region of
the cell by the lipid droplet (Rodbell, 1967). Closer examination by electron
microscope (Napolitano, 1965) revealed that there is no membrane to enclose
the lipid droplet within the cell. Other subcellular organelles are also
present in the cytoplasm. These include: mitochondria, endoplasmic reticulum,
Golgi apparatus and ribonuclear granules. Moreover pinocytotic granules are
present at the cell surface. This shows that, besides the storage of fat,
the adipose tissue is a dynamic compartment capable of protein synthesis,
oxidative phosphorylation and releasing cellular inclusions by pinocytosis.
The adipose tissue was first shown to be sensitive to insulin in 1951
(Krahl, 1951). Subsequent investigations demonstrated that the organ was
responsive to many other hormones as well. These includes epinephrine and
norepinephrine, glucagon, melanotropin, vasopressin, thyroid stimulating
hormone, prolactin, lutenizing hormone and of course, ACTH.
Using collagenase to digest the connective tissue 'between the fat cells
within the adipose tissue, Rodbell (1964) was able to isolate a homogeneous
population of adipocytes which exhibited a readily monitored cell-specific
hormonal response, that is, lipolysis with the release of free fatty acid
and glycerol from the cell. This method has proved invaluable to the study
11
of hormonal activation of the fat cell. system.
As early as 1960, lipolysis in the adipose tissue by various lipolytic
hormones was suspected to be mediated by cAMP through its activation of
phosphorylase system (Vaughan, 1960). Furthermore, investigation of the role
of cAMP in hormonal stimulation of adipose tissue has been greatly assisted
by the preparation of fat cell ghost (Rodbell, 1967 Rodbell and Krishna,
1974) which referred to sacs containing segments of plasma membrane which
enclose nuclei, mitochondria, endoplasmic reticula and other protein materials,
as well as the soluble proteins and enzymes originally present in the cyto-
plasm of the adipocyte. The method involves the hypotonic lysis of the
swollen fat cells by gentle agitation to liberate the delipidated membrane
fraction. In the presence of ATP, the adenylate cyclase (AC) within the
ghost fraction is responsive to various lipolytic hormones (Birnbaumer and
Rodbell, 1969).
To bridge the gap between and increase in intracellular cAMP level and
the terminal biological response, Walsh et al., (1968) were able to purify
a protein kinase from skeletal muscle which exhibited a complete dependence
on cAMP for activity. This led to extensive investigations (Kuo and Greengard,
1969 Walsh and Ashby, 1973) to confirm the involvement of protein kinase in
the mechanism of action of cAMP. These achievements had also generated some
ingenious techniques in cAMP assay based on the principle of competitive
protein binding (Gilman, 1970). Details of the protein binding assay have
been published (Weinryb, 1972).
The presence of a protein kinase in adipose tissue which is activated by
12
cyclic AMP was demonstrated by Corbin and Krebs (1969). Subsequent investi-
gations (Corbin et al., 1972) were able to demonstrate that the cAMP-dependent
protein kinase within the adipose tissue was composed of regulatory (R) and
catalytic (C) subunits. The cAMP generated from adenylate cyclase upon
hormone-receptor interaction prompts the appearance of cAMP: R complex
(Soderling et al., 1973). The catalytic subunits thus released from the C: R
complex would catalyze the transfer of a phosphate group from the gamma
position of ATP to activate an inactive triglyceride lipase (lipase b) to its
active form (lipase a) (Huttunen et al., 1970 Khoo et al., 1973). Several
lines of evidence (Khoo et al., 1973 Khoo et al., 1974) suggested that the
phosphorylation from the protein kinase to the inactive lipase was direct,
there is no evidence for participation of an intermediate enzyme analogous to
phosphorylase b kinase in the activation of triglyceride lipase.
The deactivation of the active lipase a was suspected to be catalyzed by
a protein phosphatase, in analogy with the deactivation of phosphorylase
(Monganiello et al., 1971). Using chicken adipose tissue, Severson et al.,
(1977)-was able to confirm the role of phosphatase in the inactivation of
lipase a. Both the phosphorylation capacity of protein kinase and the
deactivation of lipase by phosphatase required the presence of MgL
(Corbin et al., 1972 Severson et al., 1977).
The lipase a thus formed catalyze the hydrolysis of triglycerides (TG)
to free fatty acid (FFA), glycerol. The current accepted scheme describing
the reactions involved in the hormonal activation of hormone-sensitive lipase
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Fig. 2 Hormonal Activation of Lipolysis
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Rodbell (1965) first demonstrated that lipolysis by isolated adipocytes
in the presence of hormones virtually ceased when the ratio of free fatty acid
to albumin was greater than three. Subsequent investigations (Burris et al.,
1975 Fain and Shepherd, 1975) showed that free fatty acid might act as
important feedback regulators of adenylate cyclase. Another potential
feedback modulator of the adenylate cyclase is adenosine (Fain et al., 1972).
Fain (1977) has published an extensive review on the subject.
The hydrolysis of cAMP to AMP by phosphodiesterase was demonstrated soon
after the discovery of the cyclic nucleotide (Sutherland and Rail, 1958).
Inhibition of the enzyme would potentiate the effect of cAMP. Xanthine
compounds are potent inhibitors of fat cell cAMP-dependent phosphodiesterase
they are also potent activators of fat cell lipolysis (Beavo et al., 1970
Fain, 1973). Theophylline and caffeine are common xanthine compounds employed
in the AC assay medium to inhibit the PDE, so as to facilitate the detection
of the cAMP produced.
Besides the above factors which would influence hormonal stimulation of
lipolysis, the age of the rats employed in the experiment is another factor
to consider. Miller and Allen (1973) showed that the lipolytic response of
adipocytes to ACTH was greatly reduced in the cells from old rats (14-16
months, weighing 500g or more), as compared with rats of 40-45 days, weighing
180-200g.
The attractive hypothesis of cAMP being the sole mediator of hormonally
stimulated lipolysis is still subject to arguement. The major evidence
against the hypothesis is the lack of correlation between the levels of cAMP
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and lipolysis. At ACTH concentration which stimulated lipolysis maximally,
cAMPP production did not rise appreciably (Birnbaumer and Rodbell, 1969).
Moreover, the level of cAMP in isolated adipocyte reached its maximum within
5 mins. after ACTH application and decreased to background levels within 20
mins., while lipolysis proceeded at a steady enhanced rate for about I to 1-1-2h
(Lang and Schwyzer, 1972). Furthermore, while actinomycin D doubled the rate
of ACTH-induced lipolysis, cAMP production by the hormone was inhibited
(Lang and Schwyzer, 1972). Also, synthetic peptide ACTH -24, while stimulated
ghost AC, failed to enhance lipolysis in whole cells (Lang et al., 1976).
These discrepancies, apparently contradicting the cAMP- second messenger
hypothesis, reinforce the need for investigations at the level of initial
hormone-receptor interaction process.
ACTH Receptors
The concept of specific hormonal receptor sues in target cells was
introduced by Langley in 1878, from the studies of drug action. Hormone
receptor is currently defined as those molecules which specifically recognize
and bind the hormone, and which, as a consequence of this recognition, would
lead to other changes (or series of changes) that ultimately result in the
biologic response (Cuatrecasas, 1975). From a cybernetic point of view
(Hechter and Braun, 1971), hormones and their receptors share a common
language and this language is conveyed in the form of ordered patterns of
chemical. melecules. Hormonal message is received via a pattern of recognition
reaction, the topochemical pattern of the hormone being matched to the
topochemical pattern of the receptor. Once received by the receptor of the
target cell, information is received, decoded and transduced to produce
16
biological action. From this viewpoint, the receptor molecule is considered
to be a signal receiver, a signal transducer and a signal generator (Hechter,
1978).
Non-covalent interaction of the polype.ptide hormone to its target cell
membrane is regarded as the first step in the action of the hormone. With
the exception of growth hormone, receptors for mammalian peptide hormones are
considered to be located on or in the cell membrane. The major support comes
from the fact that hormones, for example, ACTH, when diazotized to large inert
PA or agarose beads which is several times the diameter of the adrenal cell,
is still able to elicit its biological effects (Richardson and Schulster,
1972 Lee Selinger and Civen, 1971). However, there are also indirect
evidence for the penetration of ACTH into the adrenal cell (Scriba, 1969), and
of insulin into the liver cell nucleus (Goldfine and Smith, 1976). Even if
ACTH does enter the cell to exert its effect, some recognition sites within
the plasma membrane must be present.
In view of the cell membrane dynamic and fluid nature (Singer and
Nicolson, 1972), Cuatrecasas (1974) proposed a two step, discrete, sequential
and dissociable reactions for hormone-AC activation:
H.RH+ R
H.R-AGH.R+ AC
In this hypothesis, receptors (R) are considered as mobile, independent
regulatory molecules that are not associated with AC in the absence of
hormone. After the hormone (H) is bound to the receptor, the hormone--
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receptor (H.R) complex can diffuse along the plane of the membrane to hind to
AC and activate cAMP production. DeHaen (1974) also proposed that occupation
of the receptor by the hormone greatly increases the affinity between the
receptor and AC. Further supports for the model were obtained in subsequent
years (Orly and Schramm, 1976 Schulster et al., 1978 Martin et al., 1979).
The general approach in receptor studies is to measure the binding of a
highly radioactive hormone with intact cells or with membrane preparation
isolated from these cells. The binding unit is considered to be the receptor
if it demonstrates:
1. steric and structural specificity,
2. limited and finite number of binding sites,
3. tissue specificity in accord with biologic target cell sensitivity,
4. high affinity, consistent with physiological concentration of the
hormone,
5. reversibility, kinetically consistent with the reversal of physio-
logical effect observed when the hormone is removed,
6. binding parallelling the early chemical events associated with
hormone action (Hechter, 1978).
The ACTH receptor system has been extensively investigated during the
last decade. By the use of various synthetic analogue of ACTH1-20 to displace
synthetic (C14-Phe)(Gln5)-corticotropin1-20' Hofmann et al., (1970) had
investigated the action and binding site of ACTH to the adrenal receptor.
In this study, ACTH receptor was shown to be protein in nature. The binding
of 1251-ACTH was demonstrated to be associated with the adrenal extract AC
activities (Lefkowitz et al., 1970). Mclhinney and Schulster (1975) demon-
18
strated that corticosteroid production in isolated adrenal cell by 1251-ACTH
reached maximum before the binding was saturated. They inferred this result
to be the direct observation of spare receptors. Moreover, the existence of
high and low affinity receptors was demonstrated with the adrenal cell. Later,
Ways et al., (1976) used various synthetic analogues to displace 125I-ACTH,
1-24
in adrenal cell membranes and studied the structural requirement for ACTH
binding on membrane receptor. The fraction associated with cyclase activity
and 1251-ACTH 1-24 binding peak was demonstrated in the eluates from a Sepharose
4B column, from a solubilized adrenal membrane fraction (Ontjes et a1., 1977).
However, the classical hypothesis of CAMP being the second messenger in
the mechanism of action of ACTH in steroidogenesis (Graham-Smith et al., 1967
has been questioned. Study of steroidogenesis by an o-nitrophenyl sulfenyl
derivative (NPS-ACTH) suggested that cAMP did not play an obligatory role in
steroidogenesis (Moyle et al., 1973), this is consistent with the results of
kinetic study by Hudson and McMartin (1975). Analysis of the inhibition of
ACTH-induced steroidogenesis and cAMP production by ACTH?-38, an ACTH anta-
gonist, indicated that two separate receptors may be involved in mediating
these responses (Lee et al., 1980). Similar studies employing ACTH6-24
(Bristow et al., 1980) concluded that there are two possible mechanisms for
ACTH action, only one of which involves the necessary production of cAMP.
As would be discussed later, the use of photoaffinity labeling provides an
alternative route for receptor study. Ramachandran et al., (1980) charac-
terized adrenal ACTH receptors by the use of this new technique. Recent
studies indicated that there is a persistent increase in basal rate
steroidogenesis and cAMP production when ACTH is covalently linked to the
adrenal receptors (Ramachandran et al., 1981).
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The availability of homogeneous populations of single adipose cells and
the hormone sensitive ghost membrane fraction made the fat Loll rlystem an
attractive candidate for studying the ACTH receptor within the fat cell plasma
membrane.
As indicated previously, adipocyte of the rat is able to respond to
different lipolytic hormones with totally different molecular structures.
Furthermore, these hormones all appear to act through AC (Butcher et a1,,
1968). Subsequent studies domonstrated that addition of supra-maximal
concentration of ACTH and other lipolytic hormones did not produce greater
stimulation on AC activities than either of these hormones alone (Butcher
et al., 1968 Birnbaumer and Rodbell, 1969). Moreover, propanolol, a
-adrenergic blocker, selectively abolished the ghost AC activation by
epinephrine, but was ineffective on the action of ACTH and glucagon
(Birbaumer and Rodbell, 1969). Also, while trypsin treatment completely
inhibited ghost AC activation by glucagon, 60% of the ACTH activation of AC
remained after trypsin administration (Rodbell et al., 1970). This study
also-indicated that the ACTH receptor on adipocytes possesses some protein.
character. Calcium ion was found to be obligatory only for ACTH in lipolysis.
Later studies concluded that Ca2+ exerted a role in the binding of ACTH to
its target cell membrane (Schimmel, 1973 Katocs et al., 1974).
Rapid, specific and reversible binding of a full ACTH agonist,
Phe2,4,5,dehydro(4,5-3H)-norvaline4al-24 ACTH (specific activity: 7.42 Ci/mrnol),
to the isolated fat cell system was demonstrated by Lang et al., (1974). The
binding was shown to be closely related to the stimulation of lipolysis by
this analogue. Moreover, the number of specific binding sites could be
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increased by actinomycin D treatment of the cell. Schwyzer (1974) attributed
this effect to the fact that the adipocyte ACTH receptor can be mobilized
from a dormant to a hormonal receptive state. Lineweaver - Burk, and Hill
plots indicated the existence of high and low affinity binding sites for the
above hormone analogue (Lang and Schwzyer, 1976). Only the high affinity
binding sites were believed to represent physiologically important hormone
receptor sites.
The successful synthesis of 3-H-ACTH 1-39 with high specific activities
(46 Ci/mmol) (Ramachandran and Behren, 1977) provided another useful ligand
to study the ACTH binding to fat cells (Behren and Ramachandran, 1981) and
fat cell membranes (Ramachandran et al., 1980a). The binding interaction of
the tritiated hormone was found to be of high affinity and closely parallelled
the stimulation of lipolysis. However, the ACTH receptor number on the
adipocyte reported in these studies was very much lower than that from Lang
et al., (1974). Moreover, the glucocorticoid was concluded to be not
responsible for the specific regulation of ACTH receptors on the adipocyte,
in contrast with the findings by Braun and Hechter (1970). Again, the ACTH
receptor on the adipocyte had been characterized by photoaffinity labeling
(Ramachandran at al., 1980a). The receptor was suspected to be a glycoprotein
from this study.
Iodination of ACTH
The introduction of 1251 or 131T into peptide hormones provides another
means to monitor directly some of the events involved in the mechanism of
hormone action. As a result of the incorporation of radioisotope,
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radiolabeled peptide of high specific activity can be prepared to trace the
binding of the hormone upon its target cell. membrane., The principle under-
lying various methods of iodination involves the prior oxidation of carrier-
3Ifree Na 125 I or Na 1 I to form iodous ion (I+), to act as electrophilic agent.
At pH between 7 and 8, the ortho position in the aromatic ring of tyrosine of
polypeptide is susceptible to electrophilic attack by the iodous ion, owing
to the electron donating effect of the neighbouring hydroxyl group.
The most commonly employed method of iodination are the chloramine-T
procedure (Hunter and Greenwood, 1962) and the lactoperoxidase method
(Morrison and Bayse, 1970). The former method is based on the chemical
oxidation of I- to I+ ion by chloramine-T, while the latter procedures
involves the enzymatic iodination with carrier-free 1251 in the presence of
hydrogen peroxide and lactoperoxidase which specifically catalyses the direct
iodination of tyrosine. Various modifications of the above methods have been
developed. For example, Bolton and Hunter. (1973) had described a method of
iodination of an N-hydroxysuccinimide ester containing a phenolic group.
Subsequent reaction would attack the ester to the s-amino groups of the
polypeptide to be radio-labeled.
Iodination of ACTH by chloramine-T and lactoperoxidase methods have been
published by Landon et al., (1967) and Mclhinney and Schulster (1974)
respectively. One of the most serious limitations to the above methods of
incorporating 1251 into the polypeptide is oxidative damage. For example,
the oxidation of tryptophan to the oxindole (Alexander, 1973 Alexander, 1974)
and methionine to methionine sulfoxide (Shechter et al., 1975) due to the
presence of excess oxidizing agent being used which come into initimate
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contact with the polypeptide in solution. In the case of ACTII, almost complete
loss of steroidogenic activity upon iodination by chloramine-T was reported,
though the iodinated analogue was still immunologically reactive (Golder and
Boyns, 1972). One of the reasons for the loss of biological activity may be
9 4
the oxidation of Trp and Met residues essential for activity of the peptide.
1,3,4,6,tetra-chloro-3a,6a-Biphenyl-glycol.uril (IODO-GEN) (Fraker and
Speck, 1978) is a promising electron acceptor for the iodination of ACTH.
Being an insoluble solid in aqueous media, the reagent is therefore not
directly exposed to the polypeptide in solution. The iodide ion is oxidized
in situ, probably by dissolving in or reacting with the surface of the
reagent. After the incorporation of radioactive iodine, iodination can be
terminated by removing the reacting solution from the solid IODO-GEN. No
reducing agent is required. In addition to the advantage of simplicity,
there is minimal side reactions and damage to polypeptide. Moreover, the
iodinated polypeptide could be used directly for radioimmunoassay after
removal of excess iodine, without further purification.
Another limitation to the iodination technique is the fact that
selective labeling of the radioactive iodine to a particular tyrosine
residue within the polypeptide is not possible, unless the peptide contains
only a single tyrosine residue but even in this case a mixture of mono- and
dilodinated species can be expected. Mclhinney and Schulster (1974) showed
that iodination of ACTH by lactoperoxidase incorporated the isotope
2
predominantly at Tyr of the peptide.
Even if the iodination of ACTH does not induce significant chemical
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damage to the peptide, the presence of electrophilic iodine atom would
decrease the pK value of the native tyrosine residue. Together with the
bulky nature of the iodine atom, alteration of the physical and biological
properties of native ACTH would be unavoidable as a result of iodination.
The integrity of Tyr2 is essential for complete biological activity of
ACTH. Introduction of iodine atom to this residue drastically lower the
biological activities of the hormone. Synthetic iodinated analogues of ACTH
indicated that 3,5'-I 2-Tyr 2, 3,5-1 2-Tyr 2'23-ACTH are only about 2% as active
as the native hormone, while 3,5-I 2-Tyr23-ACTH is 64% as active. This is in
agreement with Lowry et al., (1973), using ACTH1-24 as the parent hormone,
cAMP production in this experiment parallelled the steroid production for
these analogues. More recently, selective incorporation of iodine at a
particular tyrosine residue of ACTH was achieved by solid-phase peptide
synthesis (Lemaire et al., 1977). Results from this investigation also
2
indicated that Tyr is much more important than Tyr23 for the steroidogenic
activity of ACTH.
Photoaffinity Labeling
The use of photogenerated reagent to study the biological system was
first introduced by Singh et al., (1962) in the photolysis of diazo-
acetylchymotrypsin. Since then, photoaffinity labeling technique has been
used as a tool for studying molecular interactions in a wide variety of
biological systems. Extensive review on the principles and applications on
the technique has been published (Bayley and Knowles, 1977 Chowdhry and
Westheimer, 1979). The general idea of photoaffinity labeling was presented
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earlier. In the following, a brief account on this technique shall be
introduced.
Upon absorption of ultraviolet or visible radiation, chemical species
will rise to an electronically excited state. In certain cases, homolytic
cleavage of chemical bonds would occur. Fragmentation at a double bond to
carbon or nitrogen will result in a carbene or a nitrene. Carbenes are
fragments of molecules in which two groups attached to carbon have been
removed along with only one pair of bonding electrons. They are neutral
divalent carbon compounds which typically have only transient existence.
Nitrene is created by the loss of a leaving group from the nitrogen atom.
Both nitrenes and carbenes are electron deficient species, and they will
instantly attack any available electron source present in the vincinity.
Attachment of a carbene or nitrene precursor into a native hormone, which
also carries suitable radioactive label, would transform the hormone to a
photosensitive species. Due to the higher affinity of the hormone receptor
towards the hormone, a higher local concentration of the hormone is present
in the receptor site after suitable equilibration. Upon ultraviolet
irradiation, the reactive carbene or nitrene generated would link the hormone
and its receptor covalently. In practice, there are many photolabile ligands
available for photolysis, sites other than the receptor moiety are protected
against covalent attachment by addition of suitable scavenger which would
react with the photogenerated intermediates at places other than the hormone
binding site. Subsequent identification of the receptor molecule can be
carried out by tracing the radioactivity.
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This method has proved invaluable in peptide hormone receptor investi-
gations. For example, glucagon receptors in hepatocytes (Breglnan and Levy,
1977), insulin receptors on the adipocytes (Yip et al., 1.978 Brandenburg
et al., 1980), liver and placenta membranes (Jacobs et a1., 1979) have been
studied by using photolabile derivatives of these hormones.
As mentioned earlier, photoaffinity labeling techniques was used
successfully to identify the adipocyte ACTH receptor (Ramachandran et a1.,
1980a). In this approach, an azido group, a nitrene precursor was introduced
into the o-nitrophenyl sulfenyl group which can selectively modified the Trp9
of ACTH. The resulting compound, 2,4-dinitro-5-azidophenyl sulfenyl chloride
(DNAPS-Cl) was incorporated into the Trp9 of ACTH to form the photosensitive
DNAPS-ACTH (Ramachandran et a1., 1980a). This hormone analogue was well
characterized to be photoreactive (Ramachandran and Canova Davis, 1977).
Kindly supplied by Prof. Ramachandran, this photoreactive ACTH is being used
to study the ACTH receptors on the adipocyte in this investigation.
26
MATERIALS AND METHODS
A. Hormonal Response of Rat Fat Cell System
Animals and Materials
Male Sprague-Dawley rats originating from Simenson Laboratory (Gilroy,
California, U.S.A.) and weighing 140g to 180g were used throughout this
investigation. All of them were virgin and were killed by decapitation. Fox
preparation of muscle protein kinase and protein kinase inhibitor, white
albino rabbits (New Zealand White), weighing 2.5-3Kg were employed. They
were sacrificed by bleeding through jugular veins after ether anaethesia.
Highly purified synthetic Adrenocorticotropin(1-24) Tetracontapeptide
was purchased from Caibiochem. Collagenase (Type I) was a product of
Worthington. 3H-cyclic AMP (ammonium salt) (39.2 C/mmol) was obtained from
New England Nuclear. Norit A charcoal was a product of Serva. Lima bean
trypsin inhibitor, Folin-Phenol reagent, Diethylthiocarbamic acid (Na salt),
cAMP (acid form), bovine serum albumin (Fraction V), palmitic acid,
phosphocreatine, creatine phosphokinase were all products of Sigma. All
other chemicals and reagent used were of analytical grade.
Methods
Isolation of Fat Cells
Fat cells from epididymal fat pads of rats were isolated essentially
according to the method of Rodbell (1964), with slight modifications. The
fat pads were suspended in warm saline upon removal from rats. After blotting
on filter paper, each fat pad was sliced into 4 or 5 pieces and placed in
Krebs-Ringer bicarbonate buffer (KRB) containing collagenase (6mg/rat) and 4%
BSA (3ml/rat) in Falcon polypropylene culture tubes. The KRB used in all
experiments contain half of the specified calcium concentration. After
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saturation of 95% oxygen: 5% carbon dioxide, the tube was incubated wiL11
moderate shaking in a shaking water bath at 37°C until no large. pieces of
tissue coud be observed. This required about 45 mins.. At the end of
degestion, 20 ml warm KRB containing% BSA (KRB-BSA) were poured into the
tube and the whole suspension was filtered through four layers of cheesecloth
into another culture tube. The tube was then centrifuged at 50xg in a
CU-5000 centrifuge (Damon' for 1 min.. The infranatant was removed by
aspiration and replaced with 10 nil fresh warm KP.B-BSA. After mixing, the
tube was recentrifuged at 50xg for 30 sec.. This washing procedure was
repeated at least twice. The washed cells were resuspended in fresh warm
KRB-BSA with 0.01% trypsin inhibitor. As adipccytes lyse upon contact with
glass, caution should be taken to minimize the use of glass while handling
the fat cells.
Incubation with Hormone
Cells isolated as described above were counted and resuspended to
5
2.5x10 cells/ml in KRB-BSA. Under constant stirring, 1 ml aliquots of the cell
suspension were distributed in triplicates in 16x100 mm polystyrene tubes.
Hormone was then added in a volume of 25 ul in 0.001N HCl. Incubations
was performed at 3°C under an atmosphere of 95% oxgen: 5% carbon dioxide
with moderate shaking for 2h on a Dubnoff Metabolic Shaking Incubator. At
the end of the incubation, the whole tube was decanded into a 15 or 10 ml
chloroform extraction tube containing 1 ml 0.1M potassium phosphate buffer,
pH 6.8, and 5 ml CHC1, which had been saturated with the aqueous phase.
Determination of Free Fatty Acid
Procedures for free fatty acid determination were adapted from the
method of Corbin (1972). After shaking 10 times, the tubes were gently
shaked lengthwise at room temperature for 15 mins.. After standing for
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10 mills., the upper aqueous phase was aspirated. To the chloroform phase,
3 nil of a solution containing 6.45% (w/v) Cu(N03)2: 1M triethanolamine
IN acetic acid (volume ratio: 10: 9: 1) was added. After shaken manually
for 30 times, the tubes were allowed to stand for another 15 mins., followed
by the aspiration of the upper phase. The chloroform phase (final volume:
4 ml) was filtered through Whatman no. 1 filter paper which was previously
soaked in CHC13. A 2.5 ml solution containing 10: 1 volume ratio of CHC13
and a solution of n-butyl-alcohol containing lmg/ml diethylthiocarbarmic acid
was added to 0.2 ml of the filtrate. Absorbance at 440 nm was taken immediately,
using palmitic acid as standard.
Adenylate Cyclase Assay in Ghosts
Adipocyte ghosts were prepared from the isolated fat cells according
Rodbell (Rodbell, 1967) with minor modifications. All operations were
performed at 4°C. Stock lysing medium contained 2.5mM MgCl2, 0.1mM CaCl2,
1mM KHCO 3 in 2mM TRIS-HCl pH 7.4. On the day of use, 2.5mM ATP was added to
the stock solution to form the working lysing medium. This was kept at 4°C.
Isolated fat cells from 6 to 8 rats were washed twice with 5 ml lysing
medium in a 50 ml Falcon culture tube. The washing was accomplished by
centrifugation at 160xg for 15 secs. and removing the infranate. The swollen
cells, suspended in 5 ml lysing medium, was lysed by inverting the tube
20 times/min. for 1 min.. After centrifugation of 1400xg the infranate
containing the released ghost was collected. This procedure was repeated
six times to ensure complete cell lysis. The pooled infranates were then
centrifuged for 30 mins. in a table top centrifuge at full•speed to pellet
the ghost. After discarding the supernate, the pellet was resuspended in
5 ml freshly prepared ImM KHCO 3 and centrifuged again at 900xg in a Sorvall
centrifuge. The ghost fraction could be kept at -20°C for 2 days without
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significant loss of AC activity.
Assay of ghost AC activity were carried out according to Birnbaumer
et al., (1969), adapted as follows: stofk medium contained 10mM MgC12, 20mM
theophylline, 0.2% BSA, 0.2mM KHCO3 in 50mM Tris-HC1 pH 7.4. On the day of
assay, 6.4mM ATP, 20mM phosphocreatine and 0.4mg/ml creatine phosphokinase
(140 IU/mg) were added to form the incubation medium. ACTH, in a total
volume of 25 pl 0.001N HC1 was added to a 12x75 mm polystyrene tube containing
50 pl incubation medium. Incubation was initiated by the addition of 200pg
ghost suspended in 50 ul 1mM KHCO3. After incubating at 37°C for 15 mins.
with gentle shaking, the reaction was terminated by the addition of 0.2 nil
ice-cold 0.1M sodium acetate buffer pH 4.0 and subsequent placement in -20°C
for cAMP determination which was to follow.
Cyclic AMP was measured according to Gilman (1970), with minor modifi-
cations. Cyclic AMP binding protein was prepared from rabbit skeletal muscle
according to Walsh et al., (1968), using the 0.3M phosphate eluate from
DEAE-cellulose column. Protein kinase inhibitor was prepared as described by
Gilman (1970). Aliquot (0.1 ml) of sample was mixed with 0.1 nil of cyclic
3H- APP (approximately 30000 cpm) in 0.1M sodium acetate buffer pH 4.0, in a
microfuge tube (1.5 ml capacity). Protein kinase and protein kinase inhibitor
aliquots (0.1 ml) were then added. After mixing, the tubes were incubated at
0°C for 2h, at the end of which. 0.5 ml of a suspension containing charcoal
(Norit A, 4mg/ml) in 0.02M potassium phosphate buffer, pH 6.0, with 0.5% BSA
was added to all the tubes and mixed. After standing at O 'C for a period of
a minimum of 5 mins. to a maximum of 10 mins., the microfuge tubes were
centrifuged at 90000xg (machine speed) for 7 mins.. Aliquots (0.7 ml) of the
supernate were mixed with 0.3 ml water and 7 ml toluene: triton-X (2: 1)
scintillant containing 0.4% (w/v) PPO and 0.04% (w/v) POPOP and counted.
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Protein Determination
Protein content was determined according to the method of Lowry (Lowry
et al., 1951) using BSA as standard.
B. The Binding of Radio-iodinated ACTH1-24 to Isolated Fat Cells and Fat Cell
Ghosts
Materials
For the radio-iodination of ACTH1-24, 1,3,4,6-tetrachloro-3a, 6ct-diphenyl
glycoluril (IODO-GENTM) was obtained from Pierce, carrier-free Na125I in NaOH
(100 mC/ml) from New England Nuclear, syringes from Terumo, octadecylsilylsilica
(ODS) cartridges (SEP-PAK C18) from Waters Associates. Trifluoroacetic acid
(TFA) was purchased from Serva, AnalaR grade methanol from BDH, Polypep from
Sigma. For the characterization of the iodinated ACTH, human ACTH standard,
anti-ACTH serum, buffering medium, charcoal suspension, standard 1251-ACTH
1-24
were all obtained from the ACTH immunoassay kit supplied by Amersham. Sephadex
LH-20 was obtained from Pharmacia. Dowex 2x8 anion exchange resin (200 mesh)
was purchased from Sigma. In the binding assays, polycarbonate membranes were
purchased from Bio-Rad (Richmond, CA), glass fiber filters (GF/C) from Whatman.
All counting was done in a Beckman Gamma 4000 counter.
Methods
Iodination of ACTH1-24
Iodogen iodination vials were prepared according to Salacinski et al.,
(1979), with the exception that 0.05 ml of Iodogen solution in dichloromethane
(lmg/25 ml) was pipetted to each vial to form the 2ug Iodogen tube.
The ODS cartridge (SEP-PAK C18), fitted to a 1 ml Terumo syringe, was
primed with Polypep in the following sequence. Using the plunger of the
syringe, the cartridge was washed with an aqueous solution (0.8 ml) of TFA
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(1% v/v), followed by 0.8 ml methanol-H2O-TFA (80: 19: 1 v/v). Excess
methanol was washed by another aliquot (0.8 ml) of 1% TFA. Afterwards, the
column was primed with Polypep (1% w/v in 1% TFA, 0.5 ml), washed with 80%
MeOH: TFA (0.8 ml) and re-equilibrated with 1% TFA (0.8 ml) prior to use.
ACTH1-24 was iodinated at room temperature as described by Salacinski
et al., (1979), adapted as follows. 10 ul of 50mM sodium phosphate buffer,
pH 7.4, were added to the bottom of the iodination vial, followed by Na125I
(1 mC, 50pM, 10 ul). Iodination was initiated by pipetting an aliquot of
ACTH1-24 (10 ul, 100pg/ml)to the iodination mixture. After 3 mins., the
reaction was terminated by adding 0.5 ml protein-free 50mM sodium phosphate
buffer into the iodination mixture. After standing for a period of 15 mins.
to allow any unincorporated iodous ions to return to molecular iodine, 0.5 ml
of the iodinated mixture was withdrawn and applied to the ODS column.
Monitored by a scintillation meter (type 5.4, Mine-Instruments), the
column was washed with aliquots (0.8 ml) of 1% TFA to remove unincorporated
iodine until the radioactivity has returned to basal level. The column was
then developed using 10% stepwise increase in methanol concentration in 1%
TFA up-to 80% methanol concentration. The radioactivity profile of the
iodinated mixture was estimated by counting an aliquot (3 to 5 pl) from each
fraction in a Beckman Gamma 4000 counter.
Characterization of Iodinated ACTH -,1,
I. De-iodination by Dowex 2x8
To ensure that the radioactivity was not due to unincorporated -L4-'I, an
aliquot (10 p1) of the fraction corresponding to each radioactivity peak was
added to a microfuge tube containing 0.1 ml suspension of Dowex 2x8 in O.1N
acetic acid (0.36g/ml). After vortexing for 10 secs., the tubes were allowed
to stand for 5 mins., followed by centrifugation for 5 rains.. Aliquots (10 p1)
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of the supernate were counted. Control tubes contained 0.1 ml 0.IN acetic
acid instead of the resin.
2. Chromatographic Properties
The iodinated fraction was characterized by reversed phase adsorption
chromatography. An aliquot (0.1 ml) of iodinated sample in 60% methanol
1% TFA was applied to a Sephadex LH-20 column, eluted with 60% methanol:
1% TFA, in a 25x0.55 cm Falcon column. Fractions (0.45 ml)were collected.
The electrophoretic mobility of the iodinated fraction was compared with
that of standard ACTH1-24. The iodinated sample was spotted on a Whatman
no. 3 filter paper, along with standard ACTH1-24 (25pg). After running in a
pyridine-acetate buffer (O.1N, pH 3.7) for 4h at 400 V, the paper was stained
with 0.5% (w/v) ninhydrin in acetone to visualize the standard ACTH 1-24' The
paper was then cut into 1 cm strips and counted.
3. Immunologic Activity
The immuno-reactivity of the iodinated ACTH1-24 was investigated using
the materials and assay procedure from the ACTH immunoassay kit of Amersham,
with the following modifications: in addition. to the standard human ACTH
provided, one more standard ACTH1-24 concentration was used instead of the
assay tube provided in the kit. After incubating the antiserum with
unlabeled ACTH, the iodinated fraction was diluted to 20000 cpm/0.1 ml by the
buffer solution provided after adding the charcoal suspension, the tubes
were allowed to stand for 3 mins. and then centrifuged for 10 mins. in an
Eppendorf centrifuge, aliquots of the supernate (0.3 ml) were collected and
counted.
Binding Procedure for Isolated Fat Cells and Ghosts
1. Determination of Non-specific adsorption of 1' I-ACTII1-24 on Various
Materials
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Filters of various materials, presoaked in ice-cold KRB-BSA with 0.01%
trypsin inhibitor, were placed on a vacumn suction flask. An aliquot (2 ml)
of 1251-ACTH 1-24 in KRB-BSA-0.01% trypsin inhibitor was applied to the filter.
After suction, the filter was washed with 3 ml ice-cold KRB•-BSA mentioned
above. The counts present in each filter was then determined.
2. Binding to Adipocytes
Isolated adipocytes were suspended in KRB--BSA containing 0.01% trypsin
inhibitor previously saturated with 95% 02: 5% CO2. Aliquots (1 ml:
1x106 cells/ml) were distributed in polystyrene tubes (16x100 nun). To
determine the specific binding, that is, counts that are displaceable by high
concentration of unlabeled ligand, native ACTH1-24 (lug in 10 ul 0.001N HC1)
was added to half of the tubes, while 10 ul 0.001N HCl was added to the other
half. Iodinated ACTH1-24 at various counts were then aliquoted (in 0.1 ml
50% Methanol: 1% TFA) to each tube. The tubes were incubated at room
temperature for 1h under rapid shaking. Bound and free iodinated hormone
were separated by centrifuging each tube for 30 secs. in a table top centri-
fuge the infranate was removed with a 5 ml syringe (Terumo). The cells were
then mixed with 2 ml KRB-BSA buffer. The whole process was repeated twice.
To minimize non-specific adsorption of the radio-labeled hormone, the cells
were resuspended with 1 ml buffer and were transfered to a 25x75 mm polystyrene
tube. The original tube was washed another 1 ml. buffer which was transferred
to the 25x75 mm tube for counting.
3. Binding to Adipocyte Ghosts
Ghosts (200pg in 50 pl KRB-BSA with 0.01% trypsin inhibitor) were distri-
buted into polypropylene microfuge tubes, followed by 50 pl unlabeled ACTH
(lug in 0.001N HCl) or 50 ul aliquots of 0.001N HC1. Iodinated ACTH 1-24
(50 ul in 50% methanol: 1% TFA) at various counts was then added. After
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incubation at 2- 4°C overweight, the free radio-labeled hormone was separated
from the bound by centrifugation at machine speed (90000xg) in an Eppendorf
centrifuge. The supernate was aspirated off and the pellet was washed with
0.5 ml ice-cold KRB-BSA buffer. The process was repeated twice. The tip of
the microfuge tube containing the pellet was cut off and counted.
C. Characterization of the Protein and Glycoprotein Components of the
Adipocyte Membrane by Slab Gel Electrophoresis
Materials
For the slab gel system, acrylamide was purchased from Bio-Rad, sodium
dodecyl sulfate (SDS, sequanal grade) from Pierce, ammonium persulfate from
Serva, bromophenol blue from Merck. Both Tris and glycerol are products from
Unilab. N,N-methylene-bis-acrylamide (Bis-acrylamide), N,N,N',N'-tetramethyl-
ethylene-diamine (TEMED), glycine, Q-mercaptoethanol were obtained from Sigma.
Molecular weight standards were obtained either from Sigma or Pharmacia. For
the staining solutions, Coomassie Blue, 8-anilinonaphthalene sulfonic acid
(ANS), parasaniline hydrochloride were all products of Sigma. Potassium
periodate was obtained from British Drug House Ltd. (London). For membrane
purification, sucrose was a product of Mallinckrodt, Percoll was purchased
from Pharmacia.
Methods
Preparation of Fat Cell Plasma Membranes
Adipocyte plasma membranes were isolated from the ghost fraction by
either of the following two methods. In the early experiment, this was
accomplished by a sucrose gradient, while in later works, a more convenient
Percoll gradient was employed.
The sucrose gradient method was adopted from the method of Harwood et al.,
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(1973). The ghost fraction was washed with 10mM Tris-IIC1 pH 7.4 with 1mM EDTA
and 1m1,1 ATP by centrifugation. The pellet was resuspended in the same medium
containing 0.25M sucrose. The suspension was layered on a 30 ml sucrose
gradient prepared according to Harwood et al., (1973), using (1x3) cellulose
test tubes and centrifuged at 60000xg in a Beckman 25.1 rotor for 60 mins..
The upper 5 ml of gradient were discarded, and the next 7 ml of the sucrose
gradient was taken and diluted 4 fold with 1mM Tris-HC1 pH 7.4 containing
1m1N EDTA. After centrifugation at 24000xg in the same rotor for 30 mires.,
the pellet was taken to be the membrane fraction.
The Percoll method was adapted from the procedures of Belsham et al.,
(1980). Ghost sample (1- 5mg in 0.4 ml 1mM KHCO3) was mixed with 8 ml
gradient solution (0.25M sucrose/ 1On-M Tris-HC1/ 8mM EDTA/ Percoll (0.198g/ml))
and centrifuged at 10000xg for 15 mires. in a Sorvall refrigerated centrifuge,
using a fixed angle S-24 rotor. The upper band was taken up by an autopipet
(approximately 1 to 2 ml). After diluted 5 fold in a NaCl based medium
(0.15M NaCl/ 10mM Tris-HCl/ 1mM EDTA pH 7.4), the fraction was washed free of
Percoll by centrifugation at 10000xg for. 2 mins.. The pellet was considered
to be the purified membrane fraction.
The protein and glycoprotein component of the ghost and the membrane
fraction thus collected were then analysed by SDS-acrylamide slab gel electro.-
phoresis.
SDS Polyacrylamide Gel Electrophoresis (SDS PAGE)
The apparatus designed for slab gel electrophoresis was assembled
according to the model proposed by Studier (1973), with the following modifi-
cations: 2 mm thick Perspex spacers, a comb of 13 sample wells, which are 7 mm
wide, 15 mm deep, and 2 mm apart were used instead. In addition, the clamped
empty plate-spacers sandwich was made liquid tight by dripping melting agar
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(1% w/v) around the outside edges. The glass plates were washed with acetone
to remove any lipid contamination beforehand.
The gel systems were prepared according to Laemmli (1970), adapted as
follows: the running gel (7.5% acrylamide) was polymerized chemically by the
addition of 0.025% (v/v) TEMED and 0.05% (w/v) ammonium persulfate, 3%
acrylamide was used for the stacking gel, polymerized with 0.05% (v/v) TEMED
and 0.1% (w/v) ammonium persulfate. By this procedure, polymerization should
take place within 45 mins.. After pipetting the separating gel solution
between the plates, 1 ml water was carefully added to one end of the gel by
means of a syringe to displace any air bubbles present on the gel surface.
The water layer was decanded before layering the stacking gel. Similar
procedure was performed after inserting the comb on top of the stacking gel.
The protein samples were solubilized as described by Laenunli (1970),
with the modification that the samples were heated for 3 mins. instead. About
20 to 40 pl samples were pipetted into the wells. Bromophenol blue, molecular
weight standards were introduced into unused wells. Electrophoresis was
carried out at 4°C at a current of 40 mA/slab, until the tracking dye
(bromophenol blue) reached the bottom of the gel (about 2h).
Protein staining was accomplished by immersing the gel overnight in a
solution containing methanol: acetic acid: water (4.93: I: 4.93) containing
0.25% (w/v) Coomassie blue. The gel was diffusion destained by repeated
washing in a solution of acetic acid: ethanol: water (1: 3: 10). The
procedure for staining glycoproteins for their carbohydrate content was
carried out essentially according to Glossmann and Neville (1971), using the
fluoresent dye ANS to visualize the protein bands after staining by the
Schiff's reagent (parasaniline hydrochloride).
After the destaining procedure, the gel was dried in a hood on a porous
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support which permit free passage of air. Afterwards, the gel was slightly
swelled in water and was then mounted on a glass plate by means of cellophane
sheet. The gel sandwich was then finally dried in the hood.
D. Photoaffinity Labeling of Adipocyte ACTH Receptors
Materials
2,4-Dinitro-5-azidophenyl sulfenyl-TrpJ-ACTH1-39 (DNAPS-ACTH) was kindly
provided by Prof. J. Ramachandran. Long wavelength ultraviolet lamp (Blak
Ray) was a product of Ultra-Violet Products, INC. (San Gabriel, CA). For
autoradiography experiments, ILFORD X-ray films (HP4, 8.2x10.8 cm) were used.
D-76 developer was purchased from Kodak. The materials for lipolytic assay,
adenylate cyclase assay, iodination, slab gel electrophoresis have all been
described previously.
Methods
Photoaffinity Labeling of Adipocytes
Isolated fat cells were prepared as described previously, the cells were
diluted to a concentration of 2.5x105 cells/ml with KRB-BSA-0.01% trypsin
inhibitor. Aliquots (30 ml) of the fat cell suspension were distributed intc
four plastic beakers (100 ml capacity). DNAPS-ACTH aliquots (90 ul,
11.11pg/0.1 ml 0.001N HC1) were added to two of them. Under gentle constant
stirring at room temperature the contents, one of the beakers was irradiated
for ten mins.. The other beaker was tightly wrapped in tin foil but was
exposed to similar conditions. For the other two beakers, the procedure was
similar except that 0.001N HCl was added instead of the DNAPS-ACTH. Under
dim red light, lipolytic assay of the adipocytes were carried out with
ACTH 1-24, as mentioned above.
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Photoaffinity Labeling of Fat Cell Ghosts
Adipocyte ghosts were isolated as described previously. To each aisay
tube containing the ghosts (200 tg) and incubation medium, DNAPS-ACTH (1.ipg
in 10 ul 0.001N HCl) was added under dim red light 0.001N 11C1 was added to
the other set (control). Adenylate cyclase assay was carried out as mentioned
earlier.
In another series of experiment, ghosts (2.5mg in 0.4 ml 1riu4 KHCO3) were
distributed to 4 microfuge tubes at 0°C. The following procedure was carried
out in the dark. DNAPS-ACTH (11.11pg/0.1 nil 0.001N 1101) was added to two of
them. One of them was irradiated at 0°C for 10 mins., with occasional swirling
- about once every 2 mins.. Similar procedures were carried out for the other
tube, except that this was wrapped with tin foil. The procedure was performed
similarly for the remaining tubes (control), with 0.001N HCl replacing the
DNAPS-ACTH. The tubes were centrifuged in an Eppendorf centrifuge for 10 rains.
in a dark cold room. After removing the supernate by aspiration, 1 ml aliquot
of 1mM KHCOJ was mixed with pellet. This washing was repeated twice. The
pellet was then resuspended in 0.83 ml 1mM KHCO 3. Adenylate cyclase assay
was carried out for all four sets of ghosts in dim red light.
Photoaffinity Labeling of Fat Cell Membranes by DNAPS--1.25I-ACTH 1-39
Purified acipocyte membrane was isolated by the Percoll method from the
fat cell ghost as described previously. Both the membrane and the ghost
fractions were stored at -20°C overnight. 125 1. was incorporated into the
DNAPS-ACTH (1.1pg in 10 pl 0.001N HCl) in, the dark by the Iodogen method as
described previously. The membrane fractions (200pg)-were distributed into
4 microfuge tubes containing phosphate buffered saline (PBS, 0°C) with BSA
concentration adjusted so that the final BSA concentration in each tube would
be 0.5%. ACTH1--24 (20ug/0.001N HC1) was added to two of the tubes (set A),
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with 0.001X HC1 added to the remainder (set 13). DNAPS-1251-ACTII (2x106 cpm)
was added to each tube. After incubation overnight at 0°C, one tube from
each set was irradiated at 0°C for 10 mins., with occasional swirling once
every 2 mins.. Similar procedure was repeated for the remaining tubes Which
were wrapped with tin foil. The tubes were washed twice with PBS containing
0.5% BSA by centrifugation. The pellet was then resuspended in the solubili--
zing medium (0.1 ml) of the SDS PAGE system as described earlier. The counts
present within the membrane fraction was then determined. The same procedure
was repeated for the ghost fractions.
To visualize the covalent linkage of the DNAPS-1251-ACTH with the
adipocyte membrane after photolysis, the membranes were washed 5 times with
PBS containing 0.5% BSA to remove as much as possible the unbound hormone
analogue and the DNAPS-1251-ACTH covalently linked to BSA, as described by
Ramachandran et al., (1980a). The membranes were then solubilized in 2% SDS
and subjected to SDS PAGE (7.5% acrylamide). After staining with the
Coomassie Blue procedure, the gel was then cut into slops 1.5 mm wide. The
radioactivity present within. wach strip was then determined in a Beckman
Gamma counter. Alternatively, the gel was subject to autoradiograghy
experiment. After drying, the gel was placed in close contact with an X-ray
film (ILFORD) which was wrapped in a dark plastic bag. The film was exposed
for 3 weeks, and was subsequently developed in a D-76 developer for 8 mins. and
fixed for 10 mins. with acid fixer.
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RESULTS AND DISCUSSION
The aim of this investigation was to characterize the corticotropin
receptor on the rat adipocyte membrane by photoaffinity labeling. The project
can be divided into two parts: in the first, a system facilitating the
detection of the binding of ACTH to its adipocyte membrane receptor was
developed and in the second, the photoaffinity labeling of adipocyte ACTH
receptors was carried out.
PART I. ESTABLISHMENT OF THE ASSAY SYSTEM
Lipolytic Assay
Fig. 3 shows a typical lipolytic response when rat adipocytes were
stimulated by ACTH1-24. Kd thus obtained in this assay system is about
5.3x10-10M. This value is comparable to the normal rat plasma levels of
immunoreactive ACTH during stress (5.04x10-11 to 3.82x10-10 M) (Rees et al.,
1971). The concentration of BSA used was 4%, which is the normal protein
concentration in plasma and the 95% 02: 5% CO2 provide the near-
physiological condition for the cells to be stimulated by hormone. In the
in vitro assay, care must be taken to minimize contact between the fat cells
and glass, as the adipocytes lyse upon contact with the material. Release
of free fatty acid was measured. An alternative method of monitoring lipolysis
is by measuring the glycerol released by the chromotropic acid method of
Korn (1955). However, this method was not employed due to the fact that the
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Fig. 3. A typical dose-response of ACTH on lipolysis in rat adipocytes.
Isolated fat cells (2.5x10 cellstube) were incubated at 37°C in
Krebs Ringer buffer (Ca pH 7.4) containing 4% BSA and 0.01% trypsi
inhibitor for 2h under an atmosphere of 95% 0o : 5% CO2. Free fatty
acid was determined as described in the text.
Adenylate Cyclase Assay in Ghosts
Typical stimulation of ghost adenylate cyclase activity by ACTHj , is
shown in Fig. 4. Increased cAMP production was seen over the range of hormonal
—8 -6
concentration from approximately 10 to 10 M. A maximal stimulation has
not been demonstrated. In any case, respone observed at the unphysiological
—5
level of 10 M or higher will probably be meaningless, since this may reflect
the pharmacological action of the hormone. Comparing with the lipolysis
response curve, the. adenylate cyclase activation in ghosts requires about
100 fold higher hormone concentrations. This disparity between hormone
concentration required for cAMP production and biological response has been
observed before in the fat cell system (Birnbaumer and Rodbell, 1969; Lang
et ai. 1974). Similar observation was obtained for isolated fat cells
(Ramachandran and Lee, 1976), though the difference there was smaller (17 fold),
To account for this depressed sensitivity, Birnbaumer and Rodbell (1969)
proposed that a loss or damage of receptors, or the fact that some factors
responsible for the coupling between the hormone receptors and adenylate cyclase
might lose during the fractionation of ghosts from the adipocyte.
The use of 50ml Falcon culture tube in the lysis of the adipocyte instead
»
of the 12ml plastic conical centrifuge tube used by Rodbell (1967), was an
improvement towards the isolation of ghosts. Cell agitation was facilitated
resulting in a richer harvest of ghosts. Moreover, the higher centrifugal
force used (1400xg instead of 900xg) allows the ghosts to pellet as soon as
the adipocyte begins to lyse, thus producing more intact membranes with higher
yield. By the procedure, approximately 8,5mg ghost could be obtained from 8
rats, which is considerably higher than the yield from Rodbells procedure
(5mg8 rats). This higher yield provided a more ready availability of ghost
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Fig. 4. A typical dose-response of ACTH_2 oa cAMP production in rat
adipocyte ghosts, ACTH was incubated with 200pg ghost for
15 mins. cAMP was measured as described in the text.
Iodinat.ion of ACTH, n— a
Fig. 5 illustrates a typical elution profile of the products from the
iodination of ACTH 4 by the Iodogen method. It can be seen that there are
3 peaks of radioactivity in the fractions collected. The sharp peak eluted
by 1% TFA in the absence of methanol contains in all likelihood unincorporated
125
I, as high polarity compounds would be removed first from the SEP-PAK C 01 O
cartridge by washing with the polar solvent. The major (F ) and small (F )A B
peaks eluted by 50% and 60% methanol in 1% TFA respectively were speculated
at this stage to be the fractions containing the iodinated ACTH., . Theirl-z4
identities would be discussed later.
A simple way to check whether the radioactivity present in each fraction
125
is due to unincorporated I or not is by using anion - exchange resin. In
an acidic medium (0.1N acetic acid), ACTH positively charged and has
1_B3
no affinity towards Dowex 2x8, while I would be strongly absorbed. As
indicated in Table I, materials in F and F have virtually no affinity forA b
the resin, while the radioactivity from an aliquot of the 0% methanol peak
decreases 14 fold upon addition of the resin. These results clearly
demonstrate that the radioactivity in F, and are not due to unincorporatedA B
125
I, and that the ODS-methanol-TFA system was highly efficient in separating
125
unincorporated I from the iodinated hormone.
125
The time of reacting ACTH1 and I in the presence of Iodogen is the
most critical factor to consider. Preliminary experiments (results not shown)
showed that a reaction time of 1 min. still yielded a major peak at 50%
methanol but the majority of the radioactivity remained unincorporated.
Reaction period of 10 mins, gave a major radioactivity peak at 40% methanol
concentration. This might represent damaged hormone, since the iodinated
species would become more polar upon fragmentation of the peptide and thus
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Fig. 5. Elution profile of the iodination products of ACTH1-24 from an
octadecylsilyl silica (ODS) cartridge. The products obtained-
after the IODOGEN iodination of ACTH1-24 (1Ug) was applied to the
cartridge. Elution was carried out by stepwise (10%) increase in
methanol concentration in 1% TFA. Fractions at 50% and 60%







































be eluted earlier by the methanol-TFA solvent system. Three minutes was the
optimal reaction time for. incorporating 125 I into the hormone. This reaction
interval was empolyed throughout this investigation.
Characterization Studies on the Iodinated ACTH,1-24
1. Reverse Phase Adsorption Chromotography
Since ACTH1-24 is highly basic, it is very difficult to characterize the
125I-ACTH by ordinary gel filtration methods. Chromatography in organic
solvent provides an alternative to characterize the iodinated peptide.
Sephadex LH-20 is synthesized by hydroxypropylation of Sephadex G-25 to make
the beads stable in organic solvent. Samples are separated by filtration,
adsorption and partition.
It can be observed from Fig. 6 that the radioactivity within FA may be
due to a single iodinated species. In order to determine the molecular
weight of FA, SDS-disc electrophoresis is a promising technique. However,
due to the lack of small molecular weight markers (1000- 5000 daltons)
during the course of this investigation, the molecular weight of FA had not
been determined.
2. Paper Electrophoresis
Fig. 7 shows that the electrophoretic mobility of FA on paper at pH 3.7
essentially parallels that of native ACTH1-24' Both the radioactive material
and native ACTH1-24 moved the same distance towards the cathode, indicating
that F A most likely contains undamaged 125I-ACTH1-24. Furthermore, the Rf
value of F A material agrees with that for 131I-ACTH1-24 reported by Landon
et al., (1967).
3. Immunological Activity
Perhaps the most direct way to confirm the presence of 125 I-ACTH1-24 is
by using highly specific anti-ACTH 1-24 antibody. Table II illustrates that
„ , 125
1 . , F_, and the standadard I-ACTH1 0. can all hind to the antibody, percentA b 1-24
maximal binding for F being the highest of the three. This demonstratesA
that F has a high affinity towards the antibody. Also, 800pgml unlabeled
ACTH displaced all 3 tracers equally well (84-85%) from the antibody, again
indicating that the materials in F. and F contain ACTH, F„ probably
A B 1-24 B
12 5 _
represents the iodinated ACTH having 3 to 4 I incorporated per molecule
of ACTH. The lipophilic character or the tyrosine would increase upon
progressive iodine incorporation into the phenol ring. A higher concentration
of methanol in the eluting solvent is therefore required to dislodge the
Dolvsubstituted analogue.
Fig. 8 shows the displacement of FA material from anti-ACTH antibody by
native ACTH. The progressive displacement by increasing concentration of
125
unlabeled ACTH clearly indicates that FA is the I-ACTH. ... This curveA 1-24
also shows that with this antibody - system, the radioimmunoassay is
sensitive to unlabeled ACTH concentration from lOpgml to 200pgml.
The ACTH_2 iodinated by the lodogen method has a high specific
activity. In the course of 3 experiments, a specific activity of
642±45 yCyg was achieved. This is considerably higher than that achieved
by the chloramine-T method (522 yCug) reported by Landon et al.5 (1967) or
that by lactoperoxidase procedure of Mclhinney and Schulster (1974)
] 25
(285 yCyg) using comparable ammounts of Na ' I. Moreover, the lodogen
method is also superior to the chloramine-T method in that hormone damage is
slight, as indicated by paper electrophoresis. The purity of the iodinated
hormone thus prepared makes it suitable for use directly in studies on the
h i n H i n o- n f AP.TT4 fn i f c rpcpnfnr .
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Fig, 6. Reversed phase adsorption chromatography of F . An aliquotiA
(0.1 ml) F was applied to a Sephadex LH-20 Falcon column.
Elution was carried out with 60% MeOH : 1% TFA. Fractions of













Fig. 7. Comparison fo electrophoretic mobility of Fraction A with native
ACTH_?. Electrophoresis was carried out as described in text.
The ninhydrin spot area within each strip (1 cm) is represented































4474 2093±30 3081±41 47.4 85.3
9145 6332±30 974±43 69.2 84.6
5667 3108±97 494±13 54.8 84.1
+ : Binding in the absence of unlabeled ACTH
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Fig. 8. Displacement of Fraction A (F ) from ACTH specific antibody by
native ACTH.
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Binding of ~ I-ACTH. to Isolated Rat Fat Cells and Ghosts1
125
1. Determination of Non-specific Adsorption of I-ACTH. on Various1-4
Materials
As ACTH is highly basic, it is necessary to determine the extent of non¬
specific adsorption of ACTH on various materials. The optimal method for
separating the free from the bound hormone in the binding studies of ACTH to
its putative receptor could than be devised.
Table III illustrates the adsorption of ACTH. , to a number of
r 1-24
different materials under various conditions. From these results, it was
determined that a centrifugation step to pellet the hormone-receptor complex
within the ghost fraction could be carried out in polypropylene microfuge
tubes. Centrifugation to float the adipocytes from the incubation medium in
polystyrene test tubes was also feasible as a result of the controllable
adsorption.
Since specific binding in normal binding studies amounts to only a small
portion (about 1%) of the total ligand added, materials such as glass,
cellulose acetate and polycarbonate were found to be unacceptable materials
125
for separation of bound from free I-ACTH filtration. Their use was
therefore abandoned in favour of the centrifugation procedure.
2. Binding to Adipocytes
125
Fig. 9 shows the binding of I-ACTH to isolated rat adipocytes.
While it is clear that increasing amount of radioactivity could be displaced
125
by the unlabeled ACTH with increasing amount of I-ACTHadded, no
saturation of binding could be demonstrated. Thus what the figure shows may
not legitimately be considered as specific binding. Also, it has not been
possible to determine the binding constant. Nevertheless, this result
125
indicates that I-ACTH can bind reversibly to the adipocytes.
The process of washing the adipocyte was a lengthy one, compared with
the filtration procedure. Moreover, the fragile fat cells might lyse as a
result of the mixing -- washing - spinning procedure. The above factors might
account for the non-displaceable counts. Also, these non-displaceable counts
might represent the radio-damaged label as a result of the high specific
125
activity of the I-ACTH. However, this factor had been minimized by
125
using freshly prepared I-ACTH i-n each binding assay.
3. Binding to Adipocyte Ghosts
Binding studies using ghosts offers the advantage that they provide a
higher concentration of receptors facilitating studies on receptor - hormone
interactions. Calculations based on data presented in Fig. 10 shows that
125 —8
binding of I-ACTH to ghosts saturates at around 1x10 M. This result
3
is in close agreement with the binding of H-ACTH to fat cell ghosts
(Ramachandran et al., 1980a). Similar pattern was also observed for
3
H-norepinephrine to fat cell and liver membranes (Cuatrecasas et al., 1975).
—8
The saturability of the binding at 1x10 M may indicate receptor interaction
with the radiolabeled hormone, Again, since the biological activity of
125
I-ACTH__24 has not been assayed, the binding can only be referred to asi
specific ACTH binding.
From the binding data, it is roughly estimated that there are 28000
specific binding sites per cell. This is in close agreement with the number
of high affinity ACTH receptors per adipocyte (16300) reported by Behrens and
Ramachandran (1981) but very much lower than the estimation
(2.12x10 receptorscell) of Lang et al., (1974).
The present results suggest that a near-physiological concentrations of
the photoreactive analogue of ACTH could be used in future photoaffinity
labeling experiments, thereby reducing the non-receptor interactions of the
Table III
125
Adsorption of I-ACTH, 0 to Various Materials
1 -24
Materials Conditions % Binding Attributable to
Non-specific Adsorption
Glass Fiber Filtration 70.76





Filtration was performed as described.
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Fig. 9. Binding of iodinated ACTH to isolated adipocytes. The difference
between the counts on the adipocytes in the presence and absence
-7
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Fig. 10. Binding of I-ACTH to at cell ghosts. Hormones and ghosts
were incubated at 2 - 4°C overnight. Counts not displaceable by
6.7ygml cold ACTH have been subtracted to obtain the specific
binding (®). 200yg ghosts were used per tube.
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hormone derivative. Moreover, it can be inferred from these results that the
loss of sensitivity of ghosts towards hormonal stimulation may not be due to.,
a loss or change in the receptors, but to other factors which would affect
the coupling between the receptor and the adenylate cyclase.
Characterization of the Protein and Glycoprotein Components of the Adipocyte
Membrane by Slab Gel Electrophoresis
To characterize the ACTH receptor of adipocytes, it is necessary to
obtain a purified plasma membrane fraction from the adipocytes. Moreover, a
sensitive method to separate the components within the adipocyte membrane
needs to be devised. For this purpose, a highly sensitive sodium dodecyl
sulfate polyacrylamide gel electrophoresis system (SDS PAGE) was developed.
Preliminary experiments revealed that acrylamide concentration of 5% and
10% did not give satisfactory resolution of the protein components of the
ghosts, while an acrylamide concentration of 7.5% gave optimal results. This
acrylamide concentration was employed in later experiments.
Fig. 11 illustrates typical protein pattern of the SDS-solubilized rat
adipocyte ghost and membrane fraction purified by sucrose gradient. This
pattern was highly reproducible from one ghost preparation to another. There
were at least 30 proteins present in the ghost fraction, with molecular
weights ranging from 18000 to approximately 200000 daltons. The general
protein pattern of the membranes was similar to that of the ghost, except
that the majority of lower molecular weight protein were lost.
Regarding the glycoprotein components present within the ghost fraction,
Fig. 12 shows that there are 2 major Schiff reagent-positive bands with
molecular weights of 97000 and 84000'daltons, which are in good agreement
with results of 94000 and 80000 reported by Belsham et al., (1980). A diffuse
red region was found near the gel front. A minor red band appears at the
60
region of 67000 NW. This band was probably due to BSA present in the ghost
preparation, as the protein was slightly positive to Schiff reagent. This
band disappeared after purification by sucrose gradient centrifugation
(Fig. 13). while the two major glycoprotein bands intensified as a result of
the purification.
As shown in Fig. 14, the mobility of the protein markers correspond very
consistently with their molecular weight determinatin of a particular protein
band possible.
In the later part of this investigation, a convenient method for membrane
purification from the ghost fraction by Percoll was employed. With the
Percoll gradient, two fractions could be obtained- one major fraction seen
just below the surface of the gradient, one minor fraction located at the
bottom. The upper band was taken to be the purified membrane fraction, while
the lower band represented the mitochondrial fraction (Belsham et al., 1980).
As shown in Fig. 15, the SDS PAGE pattern of the membrane fraction obtained
by Percoll purification is similar to that of the ghost, but the bands are
more well defined, and there is no difference between layering and mixing the
ghost fraction with the Percoll gradient during the course of purification.
The Percoll method was superior to the sucrose gradient purification in
several ways. In the first place, a gradient need not be prepared. Also,
the whole process of purification from the ghost fraction took only about
30 mins., while it required several hours for the sucrose gradient procedure.
Moreover, a high yield (0.35mg membrane/mg ghost) of the purified adipocyte
membrane was obtained by the Percoll method. In subsequent experiments of
membrane purification, the Percoll method was employed.
61
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Fig. 11. SDS polyacrylamide gel electrophoresis of the protein components
of fat cell ghosts (1,2), membrane purified by sucrose gradient
(3,4). Approximately 60pg/20 ul of sample was applied to the gel.
Electrophoresis was performed as described in the text. Pepsin (5),
lysozyme (6), bovine serum albumin (7), egg albumin (8),
-lactoglobulin (10), trypsinogen (11) were included as molecular
weight standards. Protein sample in position 9 is a mixture of
the above molecular weight standards.
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Fig. 12. SDS PAGE pattern of the glycoprotein components of adipocyte
ghosts (1,2,3,4). Approximately 104Ug protein/20 pl was applied




Fig. 13. SDS PAGE pattern comparing the glycoprotein components fo the
ghosts (4,5) and membrane fraction purified by sucrose gradient
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Fig, 14. Plot of the logarithm of the electrophoretic mobility of proteins
in 7.5% polyacrylamide gels versus their molecular weight.
Carbonic anhydrase (A), ovalbumin (B), bovine serum albumin (C)
Phosphorylase b (D) are protein molecular weight markers.
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Fig. 15. SDS PAGE pattern comparing the protein components of adipocyte
ghosts (5,6) and membrane fractions purified by the Percoll
method described (1,2,3,4). Columns I and 2 represent the membrane
fraction purified by layering the ghost onto the Percoll gradient,
while 3 and 4 indicate the membrane obtained by mixing the ghosts
with the Percoll gradient.
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PART II. PHOTOAFFINITY LABELING OF ADIPOCYTE ACTH RECEPTORS
Photoaffinity Labeling of Adipocytes
The photoreactivity of DNAPS-ACTH has been well characterized previously
(Ramachandran et al., 1980a). In this investigation, the biological activities
of DNAPS-ACTH upon the fat cell system was examined, in order to gain some
insight into the interaction between the photolabile analogue and the adipocyte
ACTH receptor.
Table IV illustrates that, in the absence of UV irradiation, increasing
concentration of DNAPS-ACTH causes a progressive inhibition of lipolysis
induced by ACTH1-24. This result indicates that DNAPS-ACTH is an antagonist
of ACTH as far as lipolysis is concerned. This is in accordance with the
structural similarity of the analogue to o-nitrophenyl sulfenyl-ACTH (NPS-ACTH),
a potent inhibitor of lipolysis (Ramachandran and Lee, 1970a).
Fig. 16 shows that, in the absence of UV, increasing the concentration
of ACTH1-24 reduces the degree of inhibition of lipolysis by DNAPS-ACTH which,
by itself, has no lipolytic activity at a concentration of 6x10-8 M. Moreover,
DNAPS-ACTH shifts the K d of the lipolytic response from 3.75x10-9M to
1.26x10-8M. Fig. 17 shows that UV irradiation, in the presence of DNAPS-ACTH,
causes a small (4%) but significant (P0.05) decrease in the maximal lipolytic
response. There is, however, no significant change in Kd. It may also be
noted that UV irradiation itself has no effect at all on the lipolytic response
of adipocytes to ACTH stimulation.
It can be inferred from the above results that, in the absence of UV,
the inhibition of lipolysis is competitive and reversible. ACTH1-24 competes
reversibly for the same set of receptors on the adipocyte higher concentra-
tion of ACTH would therefore displace the DNAPS-ACTH from the ACTH receptor
67
'Table IV
Effects of DNAPS-ACTH on ACTH-induced Lipolysis
PercentACTH DNAPS-ACTH FFA Released
r
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Fig. 16. Log-close response curve of ACTH 4 011 lipolysis of rat adipocyte
in the absence of ultraviolet irradiation. Experimental procedures
are as described in text. Lipolysis in the absence (©— ©) and
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Fig. 17. Log-dose response curve of ACTH on lipolysis in rat adipocytes.
Experimental procedures are as described in text. Lipolysis in
-8
the presence of DNAPS-ACTH (7.4x10 M) with (O— O ) and
without ( 0——-—0 ) ultraviolet irradiation are presented.
and thus reduce its anti-lipolytic activity.
The decrease in the maximal lipolytic response upon UV irradiation in
the presence of DNAPS-ACTH suggests that some ACTH receptors have been occupied
irreversibly by the photolabile analogue upon photolysis, thus decreasing the
number of sites available for maximal lipolysis. However, the degree of
covalent labeling of the receptor under the conditions used was not extensive.
This would be discussed in more detail later on.
It should be noted that, since adipocytes are highly fragile, the rate
of stirring in different batch of cells should be carefully controlled at low
speed. Vigorous washing procedure to remove excess non-covalently bound
DNAPS-ACTH could not be carried out in this study.
Photoaffinitv Labeling of Fat Cell Ghosts
Similar experiments were carried out with the fat cell ghost - adenylate
cyclase system. Fig. 18 illustrates that DNAPS-ACTH has a slight stimulating
—6
activity at hormone concentration above 10 M. Also, the presence of
—6
DNAPS-ACTH (1.63x10 M) decreases the ghost cAMP production in response to
ACTH administration by as much as 28% (Fig. 19). These results indicate that
while DNAPS-ACTH is capable of weakly stimulating adenylate cyclase in
adipocyte ghost, it is also a good competitive inhibitor of ACTH_? in cAMP
production in the same system,
This result is in slight disagreement with that of Ramachandran et al.,
(1980a), who reported that the analogue alone had no effect on cAMP production.
However, the results shown in Fig. 18 were highly reproducible in our system.
The competitive nature of the effect of DNAPS-ACTH on ACTH _24~induced
adenylate cyclase activity is consistent with the results of Ramachandran
et al., (1980a) and indicates that the photolabile analogue can bind onto the
receptor responsible for cAMP production in adipocyte ghosts.
Fig. 20 illustrates the events after covalent attachment of the photo-
labile analogue. As in the case of adipocytes, UV irradiation itself has no
appreciable effect on the ghost cAMP production. In the absence of UV light,
again, cAMP production induced by ACTH_? is competitively inhibited by
DNAPS-ACTH. Even though the ghost preparation has been extensively washed
before exposure to ACTH» probably some of the photolabile ACTH analogue
remained in its receptor to exert its effect. The maximal response is clearly
not affected at all. In the presence of UV light, a concentration of ACTH
as high as 10 could not restore the maximal cAMP production of ghosts. By
the same reasoning as that for lipolysis discussed earlier, the ghost ACTH
receptor were suspected to be covalently blocked by the attachment of
DNAPS-ACTH.
Sustained hormonal stimulation of the biological system by covalent
linkage of the hormone molecule onto its biological receptor has been reported
in many instances (Ramachandran et al., 1980; Degraaan and Eberble, 1980;
Brandenburg at al., 1980; Ramachandran et al., 1981). By the same reasoning,
covalent linkage of hormone antagonist is expected to decrease the hormonal
response permanently, and this is the result obtained in this study. However,
ft
the inactivation study furnishes but indirect evidence to show receptor
labeling, since many other factors could have led to loss of response.
Nevertheless, the present study shows that irradiation of adipocytes or ghosts
in the presence of the photolabile analogue produce a significant change in
hormonal response and covalent attachment of the hormone antagonist onto its
receptor is most probably responsible.
Assuming that the decrease in maximal response Is due solely to the
permanent occupancy of the receptor by the photolabile antagonist, the results
obtained is in favour of the hypothesis that there exists only a limited
@G












Fig. 18. Effect of ACTH and DNAPS-ACTH on the adenylate cyclase activity
in rat fat cell ghosts. Each tube contained 200yg ghosts.
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Fig. 19. Effect of DNAPS-ACTH on ACTH induced cAMP production in rat fat
cell ghosts. ACTH 9 was incubated with 200yg ghosts in theJ., ((•— | jT
presence (O —O ) or absence ( —-h® ) of DNAPS-ACTH (1.63x10 M)
for 15 mins.. cAMP was measured as described in the text. Bars
indicate standard error of the mean for triplicate, determinations
at each concentration of hormone.
Fig. 20. Effect of DNAPS-ACTH and UV irradiation on ACTH-induced cAMP
production in rat cell ghosts. Ghosts (5mgml) were incubated
—ft
with DNAPS-ACTH (4.44x10 M) with ( A- — A ) and without (T V)
UV irradiation for 10 mins. as described in text. Following
incubation, the ghosts were washed twice with ImM KHCO. Control
experiments were carried out in the same manner in the absence of
DNAPS-ACTH: (® © ), with UV; ( O— O), without UV irradiation.
cAMP production in each of the 4 groups was induced by ACTH, »













number of receptors within the adipocyte for hormonal response.
125
Photoaffinity Labeling of Fat Cell Membrane by DNAPS- I-ACTH. n_1-39
The most direct way to visualize covalent linkage is by employing
radioactive photolabile analogue. The elution profile of the iodinated
products from an ODS cartridge after the Iodogen iodination is presented in
Fig. 21. The major radioactivity peak at 70% methanol concentration probably
125
represents DNAPS- I-ACTH_. Since the analogue is more hydrophobic than
ACTH_2» higher methanol concentration is therefore required to elute the
analogue from the ODS column. The minor peak at 80% methanol concentration
is likely to be the tri- or tetra-iodinated DNAPS-ACTH. This Iodogen method
125
and purification yield radioactive DNAPS- I-ACTH 0O of high specificI —Jy
activity (516±64 yCyg, 2 experiments).
125
Table V illustrates the binding of DNAPS- I-ACTH to the adipocyte ghost
and purified membrane fraction. ACTH, ,w can displace the tracer from both1-24
fractions, but the radioactivity displaced is very much higher in the
125
membrane than the ghost fraction. Since the concentration of DNAPS- I-ACTH
-9
used is low (3.2x10 M) , cold ACTH is likely to displace the tracers bound to
receptor sites rather than those bound non-specifically. This results suggest
that the membrane fraction has a higher receptor population than the ghosts.
Also, UV irradiation did not cause a significant difference in the counts
displaced by unlabeled ACTH in both ghost and membrane fractions, indicating
that covalent linkage of the adipocyte membrane receptor represents only a
small portion of the total amount of tracer added. This might be due to the
fact that only a small percent of the photolabile analogue could be activated
to form covalent linkage with the receptor upon irradiation, reflecting the
low efficiency of the photolysis reaction.
























Fig. 21. Elutiori profile of the products obtained after the IODOGEN iodination
of DNAPS-ACTH (l.lyg) from an ODS cartridge. Elution was carried out
by stepwise (10%) increase in methanol concentration in 1% TFA. An
aliquot (3 yl) from each fraction was counted.
Table V
Binding of DNAPS-'I-ACTH to Adipocyte Membrane
Fraction Treatment CPM CPM. Displaced
by 20yg ACTH
UV + ACTH






















'C20yg ACTH 0 in 300 yl PBS with 0.5% BSAi-24
to SDS PAGE. The electrophoretic pattern is presented in Fig. 22. It is seen
that, despite extensive washing, a large portion of radioactivity attributable
to the non-covalent bound tracer was still present, as indicated by the large
radioactivity peak near the gel front. These results agree with the specula¬
tions proffered earlier. The presence of radioactivity throughout the gel
suggests that covalent attachment of radioactivity to macromolecular components
did occur upon UV irradiation. No incorporation of radioactivity was observed
in the controls groups that were not irradiated, as indicated by the auto¬
radiography experiment presented in Fig. 23. There is no radioactivity bands
incorporated within the gel matrix for the dark controls, while distinct bands
are observed for samples that were irradiated. Since photolysis was conducted
in the presence of BSA (MW: 67000) which acted as scavenger, the radioactivity
peak at the position corresponding to a molecular weight of approximately
125
72000 daltons very probably represents the BSA-DNAPS- I-ACTII on complex.i — jy
-9 125
The low concentration (3x10 M) of DNAPS- I-ACTH used during the
incubation has minimized its interaction with non-receptor components of the
plasma membranes. Excess unlabeled ACTH is likely to displace the tracer from
the receptor to prevent the photolytic reaction from taking place. Examination
»
of Fig. 22 shows that there is only one peak near the origin in which the
radioactivity can be displaced by excess ACTH. This displacement in
radioactivity was reproducibly demonstrated. As shown in Table VI, the
presence of cold ACTH consistently displaced about 64% of the radioactivity
from this component in 3 separate experiments. It is difficult to determine
the molecular weight of this component accurately but an estimate of between
140000 and 200000 would not be far wrong. This value is in agreement with
the result reported earlier by Ramachandran et al., (1980a), who demonstrated
a displaceable radioactivity peak near the origin of the gel, using
Fig. 22. SDS PAGE pattern of components of adipocyte membranes photolyzed
125
in the presence of DNAPS- I-ACTH. Photolysis procedures 'were
described in the text. Membranes (200yg) were reacted with
125
DNAPS- I-ACTH in the presence ( - ) and absence ( O—••• O )
-5
of synthetic ACTH 2,(2.2x10 M) . The arrows show positions
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Fig. 23. SDS PAGE patterns of components of rat adipocyte membrane after
125
photolysis with DNAPS- I-ACTH as revealed by a. autoradiography
and b. Coomassie blue staining. For plate (a): (1) and (2)
respectively represent the photolyzed products without and with
unlabeled ACTH (2.2x10 M) in the presence of 1% BSA. (3)
and (4) .indicate the photolyzed product without and with the
unlabeled ACTH in the presence of 0.5% BSA. (A), (B) and (C) are
unphotolyzed controls. Plate (b) shows the corresponding protein
patterns. (D) and (E) are molecular weight markers. The gel was
prepared as described in legend to Fig. 22. After drying, the
gel was subjected to autoradiography as described in the text.
Plate (a) C 4 3 2 1 B A




Labeling of a High Molecular Weight Membrane Component by DNAPS- I-ACTH in
the presence and absence of ACTH. 0 .i-24
Experiment
CPM
No ACTH With 2.2x10 M ACTH
Percent Radioactivity
Displaced by ACTH









3DNAPS- H-ACTH__g as the photolabile probe.
It is premature to say unequivocally that the protein component labeled
is the adipocyte ACTH receptor, since a correlation between the physiological
125
response and the degree of labeling of DNAPS- I-ACTH on the plasma membrane
has not been established. Nevertheless, the present findings indicate that
the photolysis of DNAPS-ACTH results in an irreversible inactivation of ACTH-
induced lipolysis and adenylate cyclase activation in the fat cell system.
It is very probable that this inactivation is the consequence of the covalent
attachment of the photolabile analogue to the ACTH receptors on the adipocyte
membrane.
GENERAL DISCUSSION
To explain the apparent discrepancy in the level of hormone required for
half maximal productions of cAMP and FFA released during the hormonal activa¬
tion of ACTH in adipocyte according to the cAMP - second messenger hypothesis,
two major hypothesis have been proposed, namely, the Spare Receptor
Hypothesis and the hypothesis that at least two types of receptors with
different affinities for the hormone which possibly mediate different physio¬
logical functions are present on the target cell.
According to the spare receptor model, only a very small fraction of the
total receptors present on the cell membrane need to be stimulated by hormone
to give maximum biological response (Beall and Sayers, 1972; Mclhinnery and
Schulster, 1975). In the present case, it would mean that maximal lipolysis
will be accomplished even though only a tiny fraction of the receptors
present is stimulated by ACTH. And because only a tiny fraction of the
receptors are activated, the amount of cAMP produced is barely above back¬
ground level. The difference is so small that it may go undetected. The
cellular concentration of cAMP rises as the amount of hormone added increases
ft
and more receptors are occupied. This 'receptor redundancy' phenomenon is a
'fail - safe' mechanism for the target cells to ensure a hormonal response in
the target tissue (Hechter and Braun, 1971).
By contrast, the hypothesis that each target cell contains at least two
types of receptors with different affinities and functions stipulates that
the stimulation of the 'high affinity, low capacity' receptors by ACTH leads
to the formation of small amounts of cAMP in a special compartment (Moyle
et al., 1973). This compartmentalized cAMP is responsible for the observed
biological effects of the hormone. The stimulation of the other 'low affinity,
high capacity' receptors by ACTIi results in the generation of the large amount
of cAMP produced following stimulation with higher concentration of ACTH.
The results obtained in this investigation appear to favour the second
hypothesis. In the first place, DNAPS-ACTH is highly antilipolytic, at a
concentration comparable to that of ACTH, suggesting that the receptors
responsible for the binding of DNAPS-ACTH is of high affinity type (Fig. 16).
Also, a near-physiological concentration of ACTH is capable of displacing
the analogue, suggesting that there might be a limited number of receptors
present within the cell. Furthermore, the analogue is a weak agonist to ACTH
where cAMP production is concerned (Fig. 18), indicating that the effects of
ACTH on cyclic AMP and lipolysis might involve the interaction of the hormone
with at least two different types of receptors on the fat cell, one being the
receptors responsible for lipolysis and the other for the production of cAMP.
The spare receptor hypothesis was further challenged by the results in
the photoaffinity labeling experiments. According to this model, covalent
attachment of an inhibitor of lipolysis onto the receptors for lipolysis could
only block a certain fraction of the total number of receptors available;
therefore, there should not be a decrease in maximal resoonse, since the
number of receptors was not limiting. However, the observed small but
statistically significant decrease in maximal response clearly demonstrates
that there is only a limited number of receptors whose function is to mediate
lipolysis. Also, the decrease in maximal response was not due to the chemical
destruction of the cell membrane, as reflected by the constancy in before
and after photolysis. The small decrease in maximal response merely indicated
that not all DNAPS-ACTH could form covalent linkage with the receptors upon
photolysis. There are several possibilties for this: the peptide may have to
lie in a particular spatial direction before the nitrene group on the analogue
can react with the receptors; covalent attachment to other components may not
confer a permanent inactivation. Moreover, not all photolabile analogues can
be activated by UV, as shown by the SDS PAGE pattern and also the binding
125
studies of DNAPS- I-ACTH to adipocyte ghosts and membranes (Table V).
Another point is that the total number of high affinity receptors within each
adipocyte is small and the total area occupied by the receptor represent only
-3
a small portion (8.7x10 %, estimated from the binding studies) of the total
area. At the concentration of DNAPS-ACTH used, only a small number of
receptors within the cell becomes occupied, and the inhibition of maximal
response is small. For the ghost fraction, a higher receptor concentration
and a larger amount of DNAPS-ACTH allowed a larger percentage of receptors to
be covalently blocked and the extent of inhibition was seen to increase to
28%.
The two - receptor hypothesis received more support from the fact that
Lineweaver-Burk and Hill equations revealed the existence of two types of
ACTH binding sites with different affinites in fat cells (Lang and Schwyzer,
1976). If there were indeed two types of receptors, it would be logical to
1 25
assume that both would be labeled by DNAPS- I-ACTH. In other words, in the
SDS PAGE pattern, it was expected that there were at least two peaks that
would be displaced by unlabeled ACTH. However, this was not the case.
125
Possible explanations are: 1. since the amount of DNAPS- I-ACTH was low to
begin with, the tracer would presumably bind to the high affinity receptor
site preferentially, 2. it is possible that the low- and high-affinity
receptors proteins have similar molecular weight so that these cannot be
resolved by the SDS PAGE. Nevertheless, since the binding studies in this
investigation failed to demonstrate two saturation points, the existence of
two types of receptors could not be confirmed at this stage.
89
The present investigation provide evidence which appears to contradict
the spare receptor hypothesis but the existence of two types of receptors on
the adipocytes could not he unequivocally demonstrated either.
SUMMARY
1. The effect of ACTH, _ . on lipolysis and cyclic AMP accumulation in rat
1-24
adipocytes and adipocyte ghosts were studied. It was found that
activation of adenylate cyclase in fat cell ghosts required about
100 fold higher hormonal concentration than lipolysis in isolated
adipocytes for half-maximal response.
1 ? 5
2. Purified I-ACTH was obtained in high specific activities
(642 pCpg), using a simple I0D0-GEN procedure.
12 S 3
3. Binding of I-ACTH 4 t0 g,nosts appeared to saturate around 1x10 Ms
suggesting that the loss of sensitivity to hormonal stimulation in ghost
might not be due to a loss or change of receptor number during the
preparation of ghosts from adipocytes. The number of specific binding
sites of ACTH was estimated to be 28000 per adipocyte from the binding
studies.
4. SDS-Polyacrylamide slab gel electrophoresis (SDS PAGE) shows that at
least 30 proteins with molecular weight ranging from 1.8000 to 200000
daltons are present in both the ghost and the purified membrane fractions.
Two major glycoproteins with molecular weight of 84000 and 97000 were
detected in both fractions.
5. DNAPS-ACTH, a photolabile analogue of ACTHS was found to be an antagonist
of ACTH in lipolysis but a weak agonist in cAMP production in rat
adipocytes and adipocyte ghosts stimulated by ACTII.
6. Ultraviolet light-activated covalent attachment of DNAPS-ACTH to its
receptor on adipocyte resulted in significant decreases in maximal
lipolytic response as well as cAMP production.
7. SDS PAGE pattern of adipocyte membranes after photolysis with
125
DNAPS- I-ACTH revealed a radioactivity-labeled protein with molecular
weight between 140000 and 200000. The labeling was inhibited by the
presence of excess unlabeled ACTH in the photolysis reaction mixture.
It is suspected that the labeled protein is the putative receptor protein
for ACTH.
8. The results obtained in this investigation provide evidence against the
spare receptor model for hormonal stimulation of target cells but the
existence of two types of ACTH receptors on adipocyte could not be
definitively confirmed in the study.
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